We report the spin to charge current conversation in an intrinsic topological insulator (TI) (Bi0.22Sb0.78)2Te3 film at room temperature. The spin currents are generated in a thin layer of permalloy (Py) by two different processes, spin pumping (SPE) and spin Seebeck effects (SSE).
Topological Insulators (TIs) constitute a novel state of matter, which have been the subject of intensive investigations in condensed matter physics in the last decade. They are a new class of quantum materials that present insulating bulk, but metallic dissipationless surface states topologically protected by time reversal symmetry, opening several possibilities for practical applications in many scientific arenas including spintronics, quantum computation, magnetic monopoles and highly correlated electron systems [1] [2] [3] [4] . More recently, it has been shown that TI-particles behave as optically induced oscillators in an optical tweezers [5] . The surface states are characterized by a single gapless Dirac cone and exhibit the remarkable spin-momentum locking: charge carrier move in such a way that their momenta are always perpendicular to their spin [4, 6] . In addition, topological insulators have strong spin-orbit coupling (SOC) and as well have large spin-torque which are essential for efficient spin-charge conversion [7] [8] [9] .
In turn, the conversion of charge currents into spin currents, and vice versa, are key phenomena for encoding and decoding information carried by electron spins in the active field of spintronics. Until recently, the only known mechanisms for conversion in both directions were the spin Hall effect (SHE) and its Onsager reciprocal, the inverse spin Hall effect (ISHE), that rely on electron scattering processes with spin-orbit interaction in 3D materials [10] [11] [12] [13] [14] . Studies of the spin-to-charge conversion by the ISHE have been conducted in metallic films with heavy elements, such as paramagnetic Pt, Pd, and Ta [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , ferromagnetic Py [28] , antiferromagnetic materials such as IrMn and PtMn [29, 30] , and semiconductors [31] [32] [33] [34] [35] [36] [37] . Recent developments in thin-film growth techniques have made possible the fabrication of samples with atomically flat surfaces and interfaces that have led to the observation of new phenomena induced by SOC in 2D systems [38] [39] [40] . Among them are the Edelstein effect, predicted some time ago [41] , and its Onsager reciprocal, the inverse Edelstein effect, that enable new means to convert charge currents into spin currents, and vice versa.
The direct Edelstein effect and the inverse Edelstein effect (IEE) are made possible by the Rashba effect that arises from SOC and broken inversion symmetry at material surfaces and interfaces [42] [43] [44] [45] . The Rashba field produces spin-momentum locking in the electron Fermi contours that enables the conversion between spin and charge currents. The conversion of spin currents produced by ferromagnetic resonance (FMR) spin pumping into charge currents due to the IEE has been observed at Bi/Ag interfaces [46] , single-layer graphene [47] and in a few TIs [8, [48] [49] [50] . In this Rapid Communication, we report the observation of spin-to-charge current conversion by means of the IEE in the topological insulator (Bi0.22Sb0.78)2Te3 at room 3 temperature. The spin currents are generated by two different arrangements, microwave-driven spin pumping and the spin Seebeck effect.
The experiments were carried out with two sample structures: i) consisting of the TI grown on a 0.5 mm thick sapphire (0001) substrate and with a Ni81Fe19 (permalloy-Py) top layer, ii) a trilayer in which a NiO layer is grown between the TI and the Py layers. In both, we have used a commercial 0.5 mm thick (0001) sapphire substrate onto which the TI is grown as follows. After high temperature annealing (~800 ºC) of the sapphire substrate, a six-quintuple layer (QL)-thick (BixSb1-x)2Te3 film is grown on top at a temperature ~230 o C in a custom-built ultrahigh vacuum molecular beam epitaxy (MBE) system and capped by a 3-nm-thick epitaxial Te layer. X-ray diffraction patterns confirm the high crystalline, single phase quality of the films, with growth along the c axis (see in the Supplemental Material more details about the conditions of growth and the crystallographic structure of the (Bi,Sb)Te films [51]). We have chosen the Bi concentration x=0.22 to locate the Fermi level close to the Dirac point [52] [53] [54] . The Py layer is deposited by DC magnetron sputtering, either directly on the TI film or separated by an insulating NiO layer, grown by RF sputtering at 160 ºC. The Py and NiO films were deposited in a 3 mTorr argon atmosphere in the sputter-up configuration, with the substrate at a distance of 9 cm from the target, and with a deposition rate fixed in 1 Å/s and 0.3 Å/s, respectively. Therefore, the Py and NiO layers were gently deposited over the TI to minimize any detrimental effect on the surface chemistry. Finally, two silver electrodes were attached to the ends of the TI layer for measuring the induced voltages. Oe, showing that the contact of the TI layer produces an additional damping due to the spin pumping process [55, 56] , similar that observed in Pt/Py bilayers [17, 19] . 
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The field dependence voltage ) (H V measured between the electrodes can be described by the sum of two components, The most important source for the symmetric component of the voltage, and the one of interest here, is the conversion of the spin current produced by spin pumping into charge current in the TI layer. As is well known [12] [13] [14] [15] [16] [17] [18] [19] , in a ferromagnetic (FM) layer under ferromagnetic resonance, the precessing magnetization generates a spin current density (in units of charge/time area) at the FM/TI interface given by
where e is the electron charge, In order to obtain the IEE length from the experimental data, we need initially to calculate the SPE spin current. The real part of the spin mixing conductance of the (Bi,Sb)Te/Py interface that enters in Eq. (2) In order to confirm the spin-to-charge current conversion in (Bi1-xSbx)2Te3 by the IEE, we have used another process to generate spin currents, namely, the spin Seebeck effect (SSE). We used a sample arrangement illustrated Fig. 4(a on T  results from the fact that the spin current generated by the LSSE in Py is proportional to the temperature gradient across the Py layer [66] . In summary, we have demonstrated the conversion of a spin current into a charge current in the topological insulator (Bi0.22Sb0.78)2Te3 at room temperature, that is attributed to the inverse Edelstein effect (IEE) made possible by the spin-momentum locking in the electron Fermi contours due to the Rashba field. The spin currents were generated in a thin layer of permalloy by two different processes, spin pumping (SPE) and spin Seebeck effects (SSE). In the former we have used microwave-driven ferromagnetic resonance of the Py film to generate a spin current that is injected into the TI film in direct contact with Py. In the latter we have used the SSE in the longitudinal configuration in Py with no contamination by the Nernst effect made possible with the use of a thin NiO layer between the Py and TI layers. The results of the two measurements yield nearly identical values for the IEE coefficient, 0.076 nm, which is about twice the value measured for the topological insulator Bi2Se3 (6 QL) and about four times larger than the value for (Bi,Sb)2Te3 (6 QL) [50] . 
II. X-ray diffraction of the TI films
The crystallographic structure of the (Bi0.22Sb0.78)2Te3 film was assessed by X-ray diffraction (XRD) measurements. The XRD spectrum at high resolution detailing the position of the peaks of the TI film is shown in Fig. S2 . The diffraction patterns were obtained at angles between 5° and 70° (2θ). The XRD pattern indicates that the reflections are only from (00l) family of planes of (Bi1-xSbx)2Te3, with the sapphire (006) peak or with the (001) peak of the Te capping layer, suggesting that no impurity phase is present. The inset in Fig. S1 shows XRD rocking measured at 2θ=17.24°, corresponding to the (Bi0.22Sb0.78)2Te3 (006) peak. A Gaussian fit to the spectrum gives a full width at half maximum (FWHM) of only 0.07°, demonstrating that a perfectly aligned domain epitaxial film has grown. The XRD patterns were recorded using the Bruker D8 Discover Diffractometer equipped with the Cu Kα radiation (λ=1.5418Å). 
III. Transport properties of TI films
Based on previous work we have chosen the Bi concentration x=0.22 to locate the Fermi level close to the Dirac point and so the resistivity in the bulk part should show insulating behavior. On this point, it is important to mention that the results involving the variation of Bi concentration to locate the Fermi level close to the Dirac point, have been explored in previous publications [52, 53 and 54] . In these previous publications, transport measurements (including resistivity, ordinary Hall measurements and anomalous Hall conductance) were also extensively explored. Figure S3 displays the temperature dependence of the longitudinal resistance, Rxx, for the TI-samples used in this manuscript. The resistance data indicate insulator-like behaviour for the samples. In the measure, Rxx increases with decreasing temperature in almost the entire temperature range, reflecting the depletion of bulk carriers. 
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